Limited proteolysis of inactive tetrameric chloroplast NADP-malate dehydrogenase produces active dimers.
Carboxy-terminal amino acids of NADP-dependent malate dehydrogenase (EC 1.1.1.82) from pea chloroplasts were removed by treatment with carboxypeptidase Y. This results in the activation of the inactive oxidized enzyme, while activation by light in vivo is thought to occur via reduction of an intrasubunit disulfide bridge. After proteolytic activation the oxidized enzyme had a specific activity of 100 U/mg protein, which is 50% of the maximal activity of the control enzyme in the reduced state. When the truncated enzyme was reduced with dithiothreitol (DTT), the specific activity was further increased to 1200 U/mg. While the native enzyme is composed of four identical subunits of 38,900 Da, the truncated malate dehydrogenase forms dimers composed of two subunits of 38,000 Da. No further change of molecular mass or activity was noticed subsequent to prolonged incubation of native NADP-malate dehydrogenase with carboxypeptidase Y for several days. When the enzyme is denatured by 2 M guanidine-HCl, the proteolytic activation proceeds more rapidly, but only transiently. The truncated enzyme is less accessible to activation by reduced thioredoxin, but the stimulation of activity by DTT alone is more rapid than that of the native enzyme. These results indicate that only a small carboxy-terminal peptide of native NADP-malate dehydrogenase from pea chloroplasts is accessible to proteolytic degradation and that this peptide is involved in the regulation of activity, tetramer formation, and thioredoxin binding. While the pH optimum for catalytic activity of the intact reduced enzyme is at pH 8.0-8.5, it is shifted to more acidic values upon proteolysis of NADP-malate dehydrogenase. At pH values below 8 the reduced truncated enzyme exhibits substrate inhibition by oxaloacetate.